One of the main goals of NA61/SHINE is the investigation of the phase diagram of strongly interacting matter. NA61/SHINE observes collisions of various nuclei at different energies, allowing to study the same phenomena and observables in vastly different conditions. One of the observables related to the quark-hadron transition is the Bose-Einstein momentum correlation function of identical pions, related to the space-time structure of pion emission. In this paper we report on such measurements in Be+Be collisions at an SPS beam momentum of 150A GeV/c. Our correlation functions can be statistically well described with Lévy-distributed sources, hence we also study the m T dependence of the Lévy source parameters, and discuss their possible interpretations.
Introduction
NA61/SHINE, located in the North Area of the CERN SPS, is a fixed target experiment with multiple Time Projection Chambers (TPCs) which are covering the full forward hemisphere. This results in an outstanding tracking down to p T = 0 GeV/c. Centrality of the collisions can be determined by the Projectile Spectator Detector (PSD), a modular calorimeter located on the beam axis, which is measuring the forward energy.
To study the phase diagram of the strongly interacting matter, one has to analyse collisions detected at different temperatures and baryon-chemical potentials. In this analysis we study Be+Be collisions at 150A GeV/c, which is a rather small system with low collision energy, hence different insights may be gained here than in large systems. In our analysis to study the phase diagram of QCD we are measuring quantum-statistical correlations, in other words Bose-Einstein correlation functions, of identical pion pairs. This has a connection to the search for the critical point, as explained in the following.
The Critical End Point (CEP) of the QCD transition in the phase diagram may be characterized by its critical exponents. The critical exponent η describes spatial correlations, which show powerlaw structure (∼ r −(d−2+η) , where d represents the number of spatial dimensions) at the critical point. With the assumption of QCD being in the universality class of the 3D Ising model [1, 2] one can obtain a conjectured value of η at the CEP. From the 3D Ising model or from that with an external random field, the value of η is at or below 0.5 ± 0.05 [3, 4] . The common technique to extract the femtometer scale structures of the pion emitting source is to assume a Gaussian-type of source, but recent and some not-so-recent results [5, 6, 7] show that alternative approaches should be considered. Even without a critical point, an expanding medium may lead to an increasing mean free path which in turn may lead to anomalous diffusion and Lévy distributed sources [7, 8] , which represent a generalization of Gaussian distributions. Symmetric Lévy distributions are characterized by the Lévy exponent α which determines the source shape, and a scale R which relates to the homogeneity length of the expanding source. The symmetric Lévy distribution is defined as follows:
In two special cases, the distribution can be analytically expressed: for α = 1 the result is a Cauchy distribution, for α = 2 we get a Gaussian distribution. The Lévy distribution is a suitable "interpolator" between these two, and even lower α values; but more importantly, there are physical processes that may indeed lead to these distributions [8, 9, 10] . The main difference between a Gaussian distribution and a Lévy with α < 2 is the power-law tail∼ r −(2−d+α) (where d represents the number of spatial dimensions). Hence Lévy distributions lead to spatial correlation functions with power-law tails similar to the ones present at the critical point, furthermore the critical spatial correlation exponent η and the Lévy exponent α are conjectured to be identical at the critical point [10] . Therefore a decrease in α in the vicinity of the critical point is expected, with α taking values at or below 0.5 at the CEP [10] . It is important to point out that anomalous diffusion and the vicinity of the CEP are possible alternative explanations for the appearance of Lévy distributions.
The Lévy exponent of the source distribution can be measured using Bose-Einstein correlation functions. These correlation functions become stretched type of exponentials for Lévy sources:
One may note that if α = 1 then the correlation function is exponential, while if α = 2, C(q) becomes a Gaussian. The third physical parameter appearing in the above equation is the correlation strength λ which is interpreted in the core-halo model. The correlation strength parameter λ can then be expressed as
where the source function is divided into two parts: the core consists of pions created close to the center (i.e. these are primordial pions or the decay products of extremely short lived resonances), while the halo contains the decay pions from long lived resonances. In the above equation, N denotes their respective multiplicities in the given event class.
Details of our analysis
In this paper we discuss the measurements of one dimensional two-pion HBT correlation functions for identified pion pairs in Be+Be collisions at 150A GeV/c with 0-20% centrality. We investigate positive pion pairs (π + π + ), negative pion pairs (π − π − ), as well as their combined sample to increase statistics. Event and track quality cuts were applied before particle identification (PID). The PID was done by measuring the energy loss in the TPC gas (dE/dx) and comparison with the Bethe-Bloch curves. The correct centrality was selected by measuring the forward energy with the PSD. The measured pion pairs were grouped into four average transverse momentum bins ranging from 0 to 600 MeV/c. All the mentioned settings were varied systematically, to obtain an a posteriori estimate of systematic uncertainties.
Due to the final state effect of the Coulomb-repulsion of like-sign charged particles, a correction has to be applied in the analysis. The general method for this is the application of a Coulomb correction. It is important to note that the Coulomb effect in this analysis is not very far from the Gamow factor due to the small system size, albeit a more elaborate treatment is still required. The calculation of the Coulomb correction for Lévy sources may be obtained through a complicated numerical integral [7] , but in our case, the correction is not expected to depend strongly on the values of the correlation function's shape parameter α. Ergo one can use the approximative formula valid for α = 1, published in Ref. [12] :
, where (2.1)
Thus Eq. (1.2), coupled with the Sinyukov-type of Coulomb-treatment [13] , modifies to the following expression:
which is the fitting function we use in the analysis.
Results and discussion
The three physical parameters (α, λ and R) were measured in four bins of pair transverse momentum K T , to investigate their transverse momentum dependence. The three mentioned parameters were obtained through fitting the measured correlation functions with the formula of Eq. (2.3). In this proceedings contribution we report on the transverse mass dependence of α, λ and R, where transverse mass is expressed as m T = m 2 + K 2 T , with m being the pion mass. The first parameter we investigate is the correlation strength parameter λ , defined in Eq. (1.3) . The transverse mass dependence of λ is shown in Fig. 1 . One may observe that this parameter is slightly dependent on m T , but mostly constant in the investigated range. When compared with measurements in RHIC Au+Au collisions [7, 14] and in SPS Pb+Pb interactions [15, 16] an interesting phenomenon appears. In the case of SPS experiments, there are no visible "holes" at lower m T values, but in the case of RHIC experiments, these appear. This "hole" was interpreted in Ref. [7] to be a sign of in-medium mass modification. Our results, at the given statistical precision, do not indicate the presence of such a low-m T hole. Furthermore, it is important to note that our values for λ are significantly smaller than unity, which might imply that a significant fraction of pions are the decay products of long lived resonances or weak decays. Finally, let us observe that all samples (positive pairs, negative pairs, combined sample) are consistent with each other.
The Lévy scale parameter R determines the length of homogeneity of the pion emitting source. From simple hydrodynamical models [17, 18] one obtains a R ∝ 1/ √ m T type of transverse mass dependence. In Fig. 2 a slight decrease for higher m T values may be observed. This might be the result of radial flow, as apparent in the mentioned hydrodynamical models. Let us furthermore mention, that the magnitude of our results is similar to homogeneity length values observed in pp collisions at the LHC [12] .
The Lévy stability exponent α determines the shape of the source. Our results, indicated in Fig. 3 , yield values for α scattering between 1.0 and 1.5, and are significantly lower than the Gaussian (α = 2) case, and also significantly higher than the conjectured CEP value (α ≤ 0.5). Let us furthermore note that our values for α are similar to those obtained in Au+Au collisions at RHIC [7] .
Summary and outlook
We measured one-dimensional two-pion Bose-Einstein correlation functions in 0-20% centrality Be+Be collisions at 150A GeV/c at NA61/SHINE. We discussed the transverse mass dependences of the Lévy source parameters. Results on the Lévy scale parameter α showed a significant deviation from Gaussian sources, and are not in the vicinity of the conjectured value at the crit- dependence, but indicates that a significant fraction of pions originate from resonance and weak decays. With these results at hand, we plan to measure Bose-Einstein correlations in larger systems as well as at smaller energies, to investigate the excitation function and system size dependence of the discussed physical parameters.
